CCD light curves of the Algol type eclipsing binaries DP Cep, AL Gem, FG Gem, UU Leo, CF Tau and AW Vul were analysed using the Wilson-Deninney code and new geometric and absolute parameters were derived. Due to cyclic apparent orbital period changes of the systems, probably caused by the Light-Time Effect, the contribution of a third light was taken into account in the light curve solution. All the reliable timings of minima found in the literature were used to study the period variations and search for the presence of a tertiary component in the systems. A comparison between the parameters of the third body derived from the light curve and orbital period analyses is also discussed. Moreover, the absolute parameters of the eclipsing binary components were also used to determine their current evolutionary state.
Introduction
The main purpose of this work is the derivation of the light curve (hereafter LC) and orbital period parameters of each system, and a description of the components' current evolutionary stage. The systems were selected due to their Observed -Calculated times of minima periodic variations (hereafter O -C). The LC observations were performed in order: (a) to investigate the photometric presence of a tertiary component near the eclipsing binary (hereafter EB) via a third light contribution, (b) to make an approximate calculation of the absolute parameters of the components and (c) to search for possible pulsational behaviour in the systems which are candidates for including a δ Sct component.
According to the O -C solution, it is feasible to detect which physical mechanisms play a role to the period modulation, such as a third body or the mass transfer between the components or mass loss from the system or magnetic activity. On the other hand, from the LC solution it is possible to determine the Roche geometry of the EB, such as semi-detached, detached or contact configuration. A plausible conclusion is that these solutions are qualitatively connected, even though the methods used for the derivation of their results are different. The LC solution is based on the model of the photometric variation of the EB, while the O -C solution counts on the variability of its orbital period. Obviously, the LC is an instant image of the EB's long life, while the period changes correspond to a larger time scale. However, although the period variability duration of the system is small (order of decades) comparing with its total lifetime, one is able to unify the information provided from both analyses and obtain a consistent picture of the EB. The existence of a third body orbiting an eclipsing pair is not always easy to be proved. The tertiary component has to be of the same order of magnitude as the EB, in order to be detected photometrically through its light sified the system as G0 type, while the same spectral type is also referred by the Henry Draper Catalogue identifications for Tycho-2 stars (Fabricius et al., 2002) and T ef f and metallicities for Tycho-2 stars (Ammons et al., 2006) catalogue, where, in addition a distance of 159 +170/-79 pc was calculated. In agreement with this spectral values, Svechnikov & Kuznetsova (1990) estimated the absolute parameters of the EB and classified its components as G0 and K2, for primary and secondary, respectively. Lacy (1992) performed photoelectric UBV observations of the EB and calculated its colour indexes in various phases. LITE was proposed as the most plausible explanation for the period changes of the system according to the O -C analysis of Albayrak et al. (2006) . A partial CCD LC of the EB by the ASAS (Pojmanski et al., 2005) and a complete one by SWASP (Pollacco et al., 2006) projects were obtained.
AW Vul: The discovery of the system (V=11.1 mag, P∼0.81 days) was made by Hoffmeister (1930) . Prager & Shapley (1941) and Wood & Forbes (1963) reported its first ephemerides. Brancewicz & Dworak (1980) , Budding (1984) and Svechnikov & Kuznetsova (1990) calculated the absolute parameters of the system, and they are in agreement for the spectral type of the primary component as F0. The visual LC of the EB was obtained by Sasselov (1982) , while the only existed CCD LC is poorly covered by Schmidt & Reiswig (1993) . Shaw (1994) classified the system also as F0 type and determined its distance as 440 pc. In addition, in the catalogue of T ef f and metallicities for Tycho-2 stars (Ammons et al., 2006 ) the distance of the system is given as 155 +367/-277 pc. Finally, AW Vul is listed in the catalogue of possible triples (Hoffman et al., 2006) and its hotter component is candidate for pulsations (Soydugan et al., 2006) .
Observations and data reduction
The BVRI CCD photometric observations of AL Gem, UU Leo and AW Vul were carried out at the Gerostathopoulion Observatory of the University of Athens from January to July of 2010. The data of DP Cep (V-filter), FG Gem (V-filter) and CF Tau (unfiltered) were taken from the INTEGRAL/OMC (Mas-Hesse et al., 2004) , ASAS (Pojmanski et al., 2005) and SWASP (Pollacco et al., 2006) projects, respectively.
Aperture photometry was applied to the data of AL Gem, UU Leo and AW Vul and differential magnitudes using the software MuniWin v.1.1.26 (Hroch, 1998) were obtained. The observational details are given in Table 1 , where it is listed: The nights spent and the time span of the observations, the instrumentation setup and the comparison stars C and K used for each case. 
Light curve analysis
The complete LCs of each system were analysed using the PHOEBE v.0.29d software (Prša & Zwitter, 2005) which uses the method of the 2003 version of the Wilson-Devinney (WD) code (Wilson & Devinney, 1971; Wilson, 1979 Wilson, , 1990 . In the cases where data of various photometric filters were available, the analysis was performed simultaneously in all LCs. Due to the absence of spectroscopic mass ratios, the 'q-search' method using a step of 0.1 was trialled in Modes 2 (detached system), 4 (semi-detached system with the primary component filling its Roche Lobe) and 5 (semi-detached system with the secondary component filling its Roche Lobe) to find feasible ('photometric') estimates for the mass ratio q ph . The latter, this value 3 of mass ratio was set as initial input and treated as free parameter. The 'Multiple Subsets' procedure was used to approach finally adopted solutions. The temperature values of the primaries were assigned values according to their spectral types by using the correlation given in the tables of Cox (2000) and were kept fixed during the analysis, while the temperatures of the secondaries T 2 were adjusted. The albedos, A 1 and A 2 , and gravity darkening coefficients, g 1 and g 2 , were set to the generally adopted values (Rucinski, 1969; Lucy, 1967; von Zeipel, 1924) for the given spectral types of the components. The linear limb darkening coefficients, x 1 and x 2 , were taken from the tables of van Hamme (1993) ; the dimensionless potentials Ω 1 and Ω 2 , the fractional luminosity of the primary component L 1 and the inclination i of the system's orbit were set in the programme as adjustable parameters. Due to a possible existence of a tertiary component orbiting each EB, suggested by the cyclic orbital period changes, the third light option l 3 was taken into account. In addition, in the cases where asymmetries on the LC were detected, the existence of a cool spot on the surface of the cooler component was assumed and its parameters, namely the latitude Lat, longitude Long, radius R and temperature factor T f (=T spot /T surf ace ) were set also as free parameters. For each case the best-fit model and observed LCs are presented in Figs 1-3 with corresponding parameters given in Table 2 .
DP Cep
A value of 7300 K , typical for a F0 type star, was given to the primary component's temperature. Mode 2 was proved that provides the best fit for the data, and the mass ratio, through the q-search method, turned out as ∼0.7.
AL Gem
The effective temperature of the primary component T 1 was set to 6650 K according to its spectral type (F5V). In the LC analysis, the minimum sum of weighted squared residuals ( res 2 ), was found in Mode 2, where the q-search yielded a value of mass ratio around 0.2. A slight asymmetry before and after the secondary minimum led us to place a cool spot on the secondary component's surface. We preferred to characterize this component as magnetically active because the primary one, according to its spectral type, is very close to the limit of having radiative or convection zone, therefore the cooler one is better candidate for magnetic activity.
FG Gem
The most reliable spectral estimation was given by Ammons et al. (2006) , where the temperature of the system is referred as ∼7700 K, a value which was assigned to the primary's temperature. The minimum res 2 was found in Mode 5, where the 'q-search' method in this mode converged to a mass ratio value close to 0.4. Moreover, the data coverage and quality for this system is still rather poor, therefore the results may be not very convincing.
UU Leo
According to the literature (see section 1), an A2 spectral type for the primary component of the eclipsing pair was suggested, therefore T 1 was given a value of 9000 K. The best fit was achieved in Mode 2, where the mass ratio yielded a value of 0.3. Mode 5 seemed to describe the data also in a satisfactory way with almost the same value of mass ratio, however, the detached configuration, suggested as adopted solution, provided slightly smaller value of sum of squared residuals. Similarly to AL Gem, brightness irregularities on both sides of the secondary minimum suggested a presence of a cool spot on the solar-like component of the system, thus the final photometric solution includes its parameters as well.
CF Tau
A corresponding temperature (T 1 =5950 K) for a G0 type star was assigned for the primary. The relatively small depth difference of the minima led the photometric search for the best q ph to turn out a value close to unity. Since the data were obtained without any standard photometric filter, the bolometric (linear) limb darkening coefficients were selected as the most realistic values. 4
AW Vul
A typical value of temperature for a F0 type star was set for the primary component, according to various classifications (see section 1). Mode 5 was found to describe the LC better, and the 'q-search method' yielded a mass ratio of 0.5.
Search for pulsations
Two of the systems of the present study, namely UU Leo and AW Vul, were listed as candidates for containing a δ Sct component (Soydugan et al., 2006) . In that work the candidacy criterion was the EB's spectral type (A-F). The rest of systems, except CF Tau, are also inside this range but they were lacking from that list. Consequently, we searched for short-period pulsations in the data of these five systems. For this, the theoretical LCs of all filters were subtracted from the respective observed ones and a frequency search in the residuals between 3 to 80 c/d (Breger, 2000; Soydugan et al., 2006 , typical for δ Sct stars) was performed. The programme PERIOD04 v.1.2 (Lenz & Breger, 2005) that is based on classical Fourier analysis was used. Finally, the results showed that neither star demonstrated convincing pulsational behaviour in the selected range of frequencies with a signal-to-noise ratio (S/N) higher than 4.
Absolute parameters & Evolutionary stage
Although no radial velocity curves exist for the systems, we can make fair estimates of their absolute parameters. These are listed in Table 3 . The mass of the primary component of each system was assumed from its spectral type, while masses of the secondaries followed from the adopted mass ratios given above (see Table 2 ). The semi-major axes (a), used to calculate mean radii, then follow from Kepler's law. Formal errors are indicated in parentheses alongside adopted values. In Fig. 4 , the location of both components of each system in the Mass-Radius (M -R) diagram is illustrated.
The primary components of FG Gem, UU Leo and AW Vul are inside the MS band, while the respective ones of DP Cep and AL Gem are located at the TAMS limit. Contrary to that, the primary of CF Tau, and all systems' secondaries were found to be evolved stars lying in the range 3.64<logg<3.95, which corresponds to the subgiant luminosity classes.
A rough distance (D) estimation of each system, based on the photometric parallax method, was performed. The calculated absolute magnitudes of the systems, M bol,system , were calculated by using the luminosities of the components (L 1 and L 2 ) and then transformed to standard ones M V,system . The apparent V-magnitudes were taken from literature sources. In particular, in the ASAS 5 th catalogue (Pojmanski et al., 2005 ) the binarity was taken into account and the combined, out of eclipses, apparent magnitudes are given for the systems AL Gem (V=9.77 mag), FG Gem (V=12.04 mag), CF Tau (V=10.05 mag) and AW Vul (V=11.11 mag). For DP Cep there are not many magnitude estimations, therefore the most probable value comes from The Guide Star Catalogue Version 2.3.2 (Lasker et al., 2008) as V=12.9 mag. Contrarily, for UU Leo a lot of information in V-passband is available, and it was very difficult to select a unique value. Thus, a value of of V=11.74 mag (average of V-apparent magnitudes given in several catalogues) was settled.
O -C diagram analysis
The computation of the parameters of the third-body orbit is a classical inverse problem with five parameters to be found, namely the period of the third body P 3 , the HJD of the periastron passage T 0 , the semi-amplitude A of the Light T ime Ef f ect (hereafter LITE), the argument of periastron ω and the eccentricity of the third body e 3 . The ephemeris of the system (JD 0 and P ) has to be calculated together with the parameters of LITE. The mass function of the third body and its minimal mass M 3,min (for coplanar orbit) could be computed from this set of parameters. If the distance of the system is determined (see Table 3 ), one is able to calculate the tertiary component's predicted angular separation a 3 from the EB (semi-major axis of the orbit as projected on the sky), while given the luminosity fraction of each component of the triple system (see Table 2 1781 (848) 247 (77) 1091 (1487) 1221 (429) 353 (170) pair ∆M can be also computed. The a 3 and ∆M values are given here for a prospective interferometric detection of the third bodies.
The O -C diagrams were analysed using the least squares method in a Matlab-code designed by P.Z. ). The weights assigned to individual observations were set at w = 1 for visual observations, 5 for photographic and 10 for CCD and photoelectric observations. In Figs. 5-7 full circles represent times of primary minima and open circles those of the secondary minima, where the bigger the symbol, the bigger the weight assigned. Each figure consists of two panels (upper and lower). The upper one shows the fit on the O -C data, while in the lower one the distribution of the residuals after the subtraction of the adopted solution is illustrated. In Table 5 the parameters derived from our analysis together with the minimal masses of the additional bodies orbiting the EBs and the new ephemerides of the systems are given. 
DP Cep
The O -C analysis of this system was based on 78 times of minima covering ∼60 yrs. 66 of them were taken from the literature (44 visual, 12 photographic and 10 CCD), and the rest 12 were derived, by using the Kwee & van Woerden (1956) Table 4 ). Initially, the following ephemeris of Kreiner et al. (2001) was used to create the O -C diagram of DP Cep:
Min.I = HJD 2433622.268 + 1.26996323
A theoretical LITE curve was selected for fitting the times of minima, due to their periodic distribution.
AL Gem
The O -C diagram for AL Gem was initially constructed using the ephemeris (Kreiner et al., 2001 ):
Min.I = HJD 2426324.4424 + 1.39134001
and consists of 94 literature times of minima (48 visual, 18 photographic, 3 photoelectric and 25 CCD). These data cover an interval from 1910 to the present. In view of apparent low amplitude cyclic variations, we included a LITE curve fitter. The solution seems to describe very well the O -C points in total. However, the residuals of the most recent data (after 2005) do not follow exactly the theoretical curve, indicating that another mechanism might implicate the period changes, thus, new minima timings are needed in the next ten years in order to verify its existence.
FG Gem
For the O -C diagram of FG Gem 88 times of minima taken from the literature (49 visual, 13 photographic, and 26 CCD) were used. The times of minima come from 1930 up to 2010, with a long gap between . Initially, the following ephemeris (Kreiner et al., 2001) :
was used to create the diagram. LITE curve, indicated by the periodic modulation in the O -C, was selected as the fitting function. Due to the poor coverage near periastron of the orbit, its high eccentricity is still questionable.
UU Leo
The current O -C diagram of UU Leo includes 99 times of minima taken from the literature since 1910 (57 visual, 12 photographic, and 30 CCD observations). The following ephemeris (Kreiner et al., 2001 ) was used to compute, initially, the O -C points from all the compiled data:
Min.I = HJD 2445397.472 + 1.67974627
A LITE curve, associated with the periodic trend of the O -C points, characterized the fitting function. In this case the residuals from 2000 to date suggest that an additional mechanism occurs in the system and play a role to its period changes. Their distribution cannot be yet characterized as strictly periodic, but certainly more times of minima in the next 5-10 years will give a clear answer. 
CF Tau
were used to create the O -C diagram of CF Tau. Similarly to the previous cases, the LITE was adopted as the most plausible mechanism for describing the period variations. The results indicated rather high eccentricity, similarly to FG Gem, but this is fairly well proved by the significant number of minima observations during the periastron of the long orbit.
AW Vul
This system has the largest number of available minima timings in comparison with the other ones. Particularly, 253 times of minima (208 visual, 15 photographic, and 30 CCD observations) were collected from the literature and according to the ephemeris given by Kreiner et al. (2001) :
the O -C diagram of the system was constructed, and a LITE function was selected to fit it. The residuals did not present any obvious variable behaviour, except the ones of the last decade. However, since the current fit is based mostly on visual minima, it is probable that in the following years, and after new timings of minima determination, a more accurate solution will be achieved.
Discussion and conclusions
Complete LCs of the eclipsing systems AL Gem, UU Leo and AW Vul were obtained, and together with the ones of DP Cep, FG Gem and CF Tau obtained from sky surveys were analysed in order to derive their geometrical and absolute parameters. In addition, the LC residuals of all systems, except for CF Tau, were tested for possible pulsations but the results were negative. O -C analysis of each system was performed and showed probable existence of a tertiary component orbiting the common center of mass. In all cases, the contribution of a third light to the total luminosity was taken into account in the LC analysis, and its fraction L 3,LC (%) (see Table 2 ) was derived.
According to the minimal mass of the third body found from the O -C analysis, one is able to derive its absolute luminosity by assuming its MS nature and by using the mass-luminosity relation for such stars (L∼M 3.5 ); then, the calculation of its light contribution to the total luminosity of the system, given the absolute luminosities of the eclipsing components L 1 and L 2 (see Table 3 ), is feasible. The following formula gives the expected luminosity fraction of the third companion: Alternatively, since a cool component of an EB is potentially able to present magnetic activity, one may consider the variation of the quadrupole moment ∆Q and examine its possible influence on the observed period changes as suggested by Applegate (1992) . According to the equations of Rovithis-Livaniou et al. (2000) and Lanza & Rodonò (2002) , respectively: 
and the calculated absolute parameters of the possible magnetically active component (see Table 3 ), one is able to test this mechanism also as an alternative explanation for the cyclic period variations. According to the criterion suggested by Lanza & Rodonò (2002) , the cyclic period changes of an EB could be caused by magnetic influences of a component if its quadrupole moment lies between the range 10 50 < ∆Q < 10 51 . The eclipsing pair DP Cep is described by a semidetached configuration, where the cooler and more evolved component fills its Roche Lobe. Its primary is located at the upper limit of the MS, indicating that its Hydrogen-burning era has almost come to the end. Although we expected, except the LITE curve, a parabola imposition due to the possible mass transfer, the O -C analysis did not confirmed it. The long gap of observations between 1952-1975, or the slow mass transfer rate seem to be the best explanations for this result. A third light was detected in the LC analysis (∼5%), while the minimal mass of the hypothetical MS third companion suggests a light contribution of ∼2.5%. This small difference can be easily overcome, by suggesting an inclination of about 65
• for the third body's orbit, which yields a mass of ∼0.95 M ⊙ capable to produce the observed additional light. Another possible explanation for the cyclic period modulation 12 could be the magnetic activity of the secondary component. Its quadrupole moment was found to have a value of 6.6×10 50 g · cm 2 , therefore its magnetic influences are potentially candidate formers of the period changes. However, the existence of this mechanism was not detected in the LC analysis (e.g. O'Connell effect), thus other methods of verification (e.g. more LCs, spectroscopy, polarimetry or long term variations of minima timings studies) are needed.
AL Gem is in a detached configuration with the hotter component at the edge of MS and the cooler one more evolved. The LC analysis yielded a third light contribution of ∼12.5%, while the expected one for a MS star with minimal mass ∼0.28 M ⊙ is about 0.19%. This discrepancy might be explained by assuming the non-coplanar orbits of the tertiary component and the EB, similarly to DP Cep. Moreover, the angular separation between the third body and the EB was found to have a relatively large value (98 mas), while the magnitude difference turned out as 2.2 mag. On the other hand, a cool photospheric spot was revealed through the LC analysis, but the application of Applegate's mechanism yielded for the secondary component of the system a value of ∆Q< 10 50 g · cm 2 , therefore is not able to explain the period changes. Spectroscopic and probably also interferometric observations, given the high brightness of the system, will certainly solve the mystery of the existence of the third component.
The system FG Gem was found in semidetached status with the secondary component filling its Roche Lobe and consisting of one MS component and an evolved one. Unlike the previous case, the observed and the expected light contribution from a tertiary component are in perfect agreement (L 3 ∼4.8%), hence the system can be considered as a triple, with its components in almost coplanar orbits. However, the O -C analysis did not reveal any sign of parabolic behaviour (mass transfer-loss indicator), so very probably the mass transfer has not started yet, or its rate is very slow to be detected in a ∼80 yrs time span. The value of quadrupole moment was found for the cool component as 2.5×10 50 g · cm 2 , and can also cause the observed cyclic changes, but this hypothesis need further observations to verify the existence of magnetic activity.
UU Leo is a detached EB, with the hotter component close to the ZAMS limit indicating its young age and the cooler one beyond the TAMS edge, probably in the subgiant era. Excellent agreement was found between L 3,LC and L 3,O−C resulted in ∼11.3%. However, a ∆Q value of 6.9×10 50 g · cm 2 was derived for the secondary component, and, in addition, a cool spot presence was also needed for better fit in the LC analysis. Both mechanisms describe well the O -C data. As in the case of AL Gem, the relatively high value of L 3 is very promising to be detected by spectroscopy which is expected to give definite answer for the mechanism forming the orbital period of the eclipsing pair.
The geometrical status of CF Tau was found to be a detached one. Its components are located beyond the TAMS line, while according to their almost equal masses and positions in the M -R diagram, they seem to follow similar evolutionary tracks. The observed third light contribution yielded as 4.3%, while a nearby MS star having a mass value of ∼0.89 M ⊙ , as it was found from the O -C analysis, is capable to produce this additional luminosity (L 3,O−C =6.5%). Thus, since these values are both qualitatively and marginally quantitatively in agreement, the triplicity of the system is established. Both components are potential candidates for magnetic activity, but neither the LC revealed such behaviour nor the value of quadrupole moment (∆Q< 10 50 gr · cm 2 ) is able to explain the cyclic period modulation. AW Vul can be considered as a classical Algol, since its cooler, more evolved and less massive component fills its Roche Lobe, while the hotter one is a typical MS star. The mass transfer mechanism was not detected in the O -C analysis, but likely to FG Gem it is possible that its rate is very slow to play a significant role in such a relatively small observational time coverage (∼80 yrs). No evidence of magnetic activity was found in the LC analysis, and in addition the Applegate's mechanism is insufficient to describe the cyclic variations of the orbital period, since a value of ∆Q< 10 50 g · cm 2 was yielded for the cooler component. On the other hand, the observed additional light was found as L 3,LC ∼3%, while the expected one from a minimal mass of 0.24 M ⊙ was L 3,O−C ∼0.1%. This difference can be explained either by assuming the non MS nature of the third body and by inserting a giant age hypothesis or that its inclination is ∼25
• instead of coplanar orbit, which, according to mass function, yields a value of M 3 ∼0.7 M ⊙ . Such a mass value satisfies the observed third light in the case of a MS star.
Radial velocity measurements are needed for deriving the absolute parameters of these close binaries more conclusively, while in the cases of AL Gem and UU Leo, where a significant third light was traced, the spectroscopic detection of the third body will verify the current results. New times of minima for all 13 systems will help to achieve a better coverage of the cyclic changes of their orbital periods and will probably reveal new variations which are not so obvious in the current O -C data sets. Moreover, a prospective interferometric detection of the third body would be also very profitable, with the system AL Gem being the most suitable one for such observations.
